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The Qropathogenic Escherichia coli strain 536 (06:K15:H31) exhibits a mannose-resistant hemagglutination 
phenotype (Mrh) with bovine erythrocytes and delayed Mrh with human and guinea pig erythrocytes. 
Neuraminidase treatment of the erythrocytes abolishes mannose resistant hemagglutination, which is typical 
for X fimbriae. E. coli strain 536 synthesizes two different fimbriae (Fim phenotype) prQtein subunits, 16.5 and 
22 kilodaltons in size. In addition the strain shows mannose-sensitive hemagglutination and common type I (Fl) 
fimbriae. The cosmid clone E. coli K-12(pANN801) and another nine independently isolated Mrh+ cosmid 
clones derived from a cosmid gene bank of strain 536 express the 16.5-kilodalton protein band, bot not the 
22-kilodalton protein, indicating an association of the Mrh+ property with the "16.5-kilodalton fimbriae." All 
cosmid clones were fimbriated, and they reacted with antiserum produced against Mrh+ fimbriae of the E. coli 
strain HB101(pANN801) and lacked mannose-sensitive hemagglutination (Fl) funbriae. From the Mrh fim 
cosmid DNA pANN801, several subclones coding for hemagglutination and X fimbriae were constructed. 
Subclones that express both hemagglutination and fimbriae and subclones that only code for the hemaggluti-
nation antigen were isolated; subclones that only produce fimbriae were not detected. By transposon Tn5 
mutagenesis we demonstrated that about 6.5 kilobases of DNA is required for the Mrh+ Fim+ phenotype, and 
the 1.5- to 2-kilobase DNA region coding for the structural proteiil of the fimbriae has been mapped adjacent 
to the region responsible for the Mrh+ phenotype. Two different regions can thus be distinguished in the 
adhesion determinant, one coding for hemagglutination and the other coding for fimbria formation. 
Transformation of plasmid DNA from these subclones into a Mrh- Fim- mutant of E. coli 536 and into a galE 
(rough) strain of Salmonella typhimurium yielded transformants that expressed both hemagglutination and 
fimbria production. 
Escherichia coli strains cause about 80% of all urinary 
tract infections (UTI) and, as with other extraintestinal 
infections in general, several surface antigens (0 and K) and 
extracellular proteins (e.g., hemolysin [Hly phenotype]) 
have been implicated in the determination of their virulence 
(12, 16, 28, 30, 31). In addition, the ability of strains to 
mediate agglutination of erythrocytes from different verte-
brates in the presence of mannose contributes to virulence of 
these urinary pathogens (10, 14, 15; Marre et al., submitted 
for publication). In most cases the mannose-resistant hemag-
glutination phenotype (Mrh) is associated with the formation 
of specific protein frimbriae (pili). Both fimbriae and hemag-
glutination antigens enable bacterial attachment (adhesion) 
to the urinary tract epithelial cells (34). Whereas mannose-
sensitive hemagglutination, which is connected with so 
called "common type I'' (F1) fimbriae is found on most E. 
coli strains and other enterobacteria (23, 30), the presence of 
the Mrh fimbriae seems to be specific for enteric and urinary 
pathogens of E. coli (8, 18). In fact more than 90% of UTI E. 
coli strains agglutinate human or bovine erythrocytes (or 
both) in a mannose-resistant manner compared with only 9% 
of isolates from the normal fecal flora (10; Hacker et al., 
manuscript in preparation). 
Two different types of chromosomal-encoded Mrh fim-
briae from uropathogenic E. coli strains can be distin-
• Corresponding author. 
434 
guished. The P fimbriae use a common receptor, the Gal-Gal 
globoside, which is identical to the human blood group P 
antigen and is normally present on urinary tract epithelial 
cells (20, 24, 36). Genetic determinants that code for dif-
ferent P fimbriae have been cloned from UTI E. coli strains 
(3, 5, 17, 33, 37); and one of them, the pap determinant, has 
been described in detail (2, 29). Mrh fimbriae from UTI E. 
coli strain which recognize receptors other than the P 
antigen have been termed X fimbriae. One of these X-spe-
cific fimbriae can interact with glycophorin A and shows 
blood group M specificity (35). Other X fimbriae recognize a 
neuraminic acid-containing receptor, which in the case of 
several strains investigated is a neuraminyl-a-(2-3) 
galactoside (32). This galactoside is present on human and 
bovine erythrocytes. After treatment of erythrocytes with 
neuraminidase, E. coli strains that produce these X fimbriae 
are not able to evoke hemagglutination. 
In a previous paper we described the isolation of two 
different recombinant cosmids derived from the E. coli 
strains 536 (06:K15:H31) and 764 (018:K5:H-) which ex-
hibited mannose-resistant hemagglutination (3). Here we 
present evidence that one of these recombinant cosmids 
shows a neuraminidase-sensitive hemagglutination. This he-
magglutination property is connected with X-specific fim-
briae that consist of 16.5-kilodalton (kd) protein subunits. 
The genetic determinant for both fimbriae and hemaggluti-
nation is a region of about 6.5 kilobases (kb). Subcloning and 
transposon mutagenesis of this region indicate that the genes 
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T ABLE 1. Agglutination of E. coli strains 536 and HBlOl carrying various recombinant DNAs that code for the mrh fim determinant or 
part of it 
Hemagglutination" Receptor-specific agglutinationb Agglutination with: 
E. coli Recombinant Plasmid Neuraminidase 
strain plasmid marker Hu Bv Ch Mk Gp p NN S. cerevisiae Serum against E. 
Human Bovine cells .. coli pANN801d 
536 (R) R s s (R) (R) (R) s +++ 
HBlOl 
HBlOl pANN801 Ap• mrhfim R R R R R ++++ 
HBlOl pANN802 Ap• mrhfim R R R R R +++ 
HBlOl pANN807 Ap• mrhfim R R R R R +++ 
HBlOl pANNSOl-13 Ap• mrhfim R R R R R ++++ 
HBlOl pANN801-l Tc• mrh R R R R R ++++ 
"Hemagglutination was done with the following erythrocytes: Hu, human; Bv, bovine; Ch, chicken; Mk, monkey; Gp, guinea pig. R, mannose-resistant 
hemagglutination; S, mannose-sensitive hemagglutination. [(R) is weak, R is normal, R is very strong). 
b Human blood of the groups p and NN was used to elucidate the P and M receptor. Human and bovine blood was treated with neuraminidase to find out 
neuraminic acid specifity. Abbreviation as in footnote a. 
r Agglutination with S. cerevisiae cells indicates type I (Msh) fimbriae. 
d The E. coli specific antibodies were removed from the serum by adsorption. 
for fimbria formation and hemagglutinatinin are distinguish-
able, but closely linked, and are located on the chromosome. 
MATERIALS AND METHODS 
Bacteria. E. coli strain 536 (06:K15:H31), isolated from a 
patient stitfering from a UTI, was obtained from the Institut 
für Hygiene and Mikrobiologie, Würzburg (3). Strain 536 
exhibits mannose-resistant hemagglutination with bovine 
erythrocytes which can be increased on ice. Additionally I 
delayed hemagglutination with human and guinea pig eryth-
rocytes can be observed (Table 1). The hemagglutination, 
however, was abolished after the treatment of erythroctes 
with neuraminidase. Further, human erythrocytes missing 
the P blood group factors-the receptor of P fimbriae-
agglutinate when mixed with E. coli 536 cells. Thus the 
hemagglutination of E. coli 536 is termed X specific with 
affinity to a neuraminlc acid-containing receptor (32). In 
addition, the strain shows a mannose-sensitive agglutination 
with Saccharomyces cerevisiae cells, indicating the presence 
of common type I fimbriae (21, 29). The Hly- Mrh- mutant 
21 of strain 536 (13), S. typhimurium strain SF1572 (galE), 
and E. coli K-12 strain HiHOl were used for transformation. 
The recombinant plasmids used here are listed in Table 1 
and Fig. 4. For Tn5 mutagenesis we used a Iambda Tn5 
phage, kindly provided by A. Pühler, which was propagated 
on E. coli K-12 strain C600. 
Media, cbemicals, and enzymes. Cultures were grown in 
enriched nutrient broth or in Luria broth. For mannose-re-
sistant hemagglutination, strains were grown on CF A plates 
as described previously (7). Antibiolies used were a gift from 
Bayer, Leverkusen, Federal Republic of Germany. Restrie-
tion enzymes and T4 ligase were purchased from New 
England Biolabs, Beveton, Mass. All other chemieals were 
obtairied from E. Merck AG, Darmstadt, Federal Republic 
ofGermany. 
Isolation of chromosomal and plasmid DNA. Chromosomal 
DNA was isolated as described previously (13). Plasmid 
DNA from clones carrying recombinant DNA was screened 
by the cleared lysate procedure (4), and preparative DNA 
isolation was achieved as described previously (11). 
Cosmid cioning procedure. Recombinant DNA was pack-
aged in vitro as described previously (3, 6). 
ReStrietion and ligation. Cleavage of the DNA by restric-
tion enzymes was performed at 37°C in suitable buffers. Gel 
electrophoresis was carried out in 1% agarose. Ligation was 
achieved after heat inactivation of the restriction endonucle-
ases at 65°C for 6 min as described previously (3). 
Transformation. E. coli K-12 strains were transfoimed by 
the CaCh method. Wild-type strains were transformed by a 
modified CaCh method (26). 
ToS mutagenesis. Tn5 mutagenesis was achieved after 
absorption of a Iambda Tn5 phage (multiplicity of infection 
0.1) to the plasmid-bearing HB101 strain (108 CFU) as 
described previously (1). Transposon mutants were checked 
for hemagglutination and the presence of fimbriae. 
Agglutination. Hemagglutination types were determined 
with erythrocytes obtained either locally (human, bovine, 
and guinea pig) or from Flow Laboratories, Bonn, Federal 
Republic of Germany. Agglutination was assayed in phos-
phate-butfered saline with and without 1% mannose. For 
detection of the P receptor we used human p blood kindly 
obtained from S. Normark (Umea, Sweden). M-specific 
receptor agglutination was carried out with human NN blood 
obtained locally. For screening of neuraminic acid receptor, 
neuraminidase-treated human and bovine erythrocytes were 
used (31). Msh (common type I) fimbriae were further 
determined by agglutination with Saccharomyces cerevisiae 
cells (30). 
Preparation of fimbriae. Fimbriae were isolated from bac-
teria grown on plates as described previously (19). 
Sodium dodecyl sulfate-polyacrylarnide gel electropboresis 
of fimbria protein subllnits. Mter disintegration of the fim-
briae by boiling for 5 min in 10 mM Tris-hydrochloride (pH 
7 .8) containing (in 1 ml) 4% sodium dodecyl sulfate, 0.01 ml 
of mercaptoethanol, 0.2 ml of glycerol, and 0.002% bromo-
phenol blue, the fimbria samples (15 J.Lg protein) were run on 
slab gels as described previously (19, 25). 
Preparation of antisera. Mrh fimbriae antisera were pre-. 
pared from rabbits as described previously (19). 
Electron microscopy. Cells were grown ovemight and 
washed with water before application to Formvar-coated 
grids. After soaking in 1% phosphotungstic acid (pH 6.4) for 
1 min, the grids were examined under a Zeiss-10A transmis-
sion electron microscope. 
RESULTS 
Analysis of recombinaot cosmids determining maoilose-re-
sistant belilagglutination. In a previous paper (3) we reported 
the isolation of a recombinant Mrh + cosmid with an inserted 
segment of chromosomal DNA from strain 536 into the 
vector pJC74. This E. coli K-12 clone, carrying the recom-
binant cosmid pANN801 I exhibited the same mannose-re-
sistant hemagglutination pattem as the parent strain 536 
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FIG. 1. Electron micrographs ofthe fimbriated and nonfimbriated E. coli strains. Panels: (A) E. coli 536, Mrh+ Msh+; (B) E. coli HBIOl; 
(C) E. coli HB101(pANN801-13), Mrh+ Fim+ (D) E. coli HB101(pANN801-13)::Tn5/015, Mrh+ Fim•; (E) E. coli HB101(pANN801-1), Mrh+ 
Fim-; (F) E. coli HB10l(pANN801-13::Tn5n42, reduced fimbria production, Mrh-. 
(Table 1). However, the intensity of hemagglutination of the 
E. coli K-12 clone was higher compared with that of the 
wild-type strain 536, suggesting an inftuence of th~ higher 
gene dose. More recently we constructed a new gene bank of 
strain 536 by cloning large partial Sau3A fragments (average 
size, 40 kb) into the vector pHC79. Among 800 colonies, we 
identified nine clones that were Mrh +. All isolated clones 
exhibited the same hemagglutination pattern (e.g., pANN802 
and pANN807 in Table 1). The presence of fimbriae could be 
demonstrated by electrori microscopy in all10 E. coli K-12 
clones (3) (Fig. 1). When grown on agar, none of them bad 
the ability. to agglutinate S. cerevisiae cells, indicating the 
absence of common type I fimbriae. Further, the mannose-
resistant hemagglutination of all 10 clones was sensitive to 
the treatment of erythrocytes with neuraminidase, suggest-
ing the presence of neuraminic acid specific fimbriae on the 
respective bacteria (Table 1). Remagglutination and fimbriae 
were optimally expressed after growing the strains at 37°C, 
but when cultivated at 18°C these properties were lost. 
After purification of the fimbriae from the wild-type strain 
536 and dissociation into protein subunits with sodium 
dodecyl sulfate, two different fimbria proteins were obtained 
on polyacrylamide gel electrophotesis, one 16.5 kd and the 
öther 22 kd in size (Fig. 2, lane 8), indicating that the strain 
536 expres&es two different fimbriae. AllE. coli K-12 clones 
that code for mannose-resistant hemagglutination showed 
only the 16.5-kd protein band, but not the 22-kd proteinband 
(see Fig. 2, lanes D and E, for pANN801 and pANN807 
respectively). This indicates that the 16.5-kd pili are associ-
ated with the X-specific, mannose-resistant hemaggluti-
nation properties of the strain 536 and are produced inde-
pendently of the 22-kd fimbriae and the mannose-sensitive 
hemagglutination (Msh) (F1) fimbriae. 
Specific rabbit antiserum was raised against the Mrh 
fimbriae by immunization with the Mrh+ Firn+ E. coli K-12 
clone carrying the cosmid pANN801, followed by adsorp-
tion with the plasmid-free E. coli K-12 strain. This specific 
serum showed a strong reaction with the parental E. coli 
strain 536 and with all Mrh+ Fim+ E. coli K-12 clones, but 
not with the plasmid-free K-12 strain (Table 1) or with E. coli 
K-12 strains carrying cloned P-fimbria genes (data not 
shown). 
Restrietion map of the recombinant cosmids expressing the 
Mrh+ property. To detect the existence of common DNA 
fragments in the Mrh+ recombinant cosmids, we cleaved the 
FIG. 2. Protein subunits of fimbriae from differentE. coli strains 
on a sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel. 
The fimbria proteins isolated from an equal number of ceUs were 
suspended in 200 JA-I of buft'er. The volumes loaded on the gel are 
indicated. Lanes: (A) size marker proteins; (B) E. co/i 536, Mrh+ 
Fim+ (20 JA-I; (C) E. co/i HB101 (20 JA.I); (D), HB101(pANN801), 
Mrh+ Fim+ (1 JA-I); (E) HB101(pANN807), Mrh+ Fim+ (1 JA.I); (F) 
HB101(pANN801-13), Mrh+ Fim+ (1 JA-I}; (G) HB101(pANN801-4) 
Mrh+ Fim+ (0.5 JA-I); HB10l(pANN801-1), Mrh+ Firn- (20 JA.I}; (I) 
HB101(pANN801-13)::Tn5n42, witb reduced fimbria production, 
Mrh- (7 JA-I}. 
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FIG. 3. Restrietion pattems obtained after digestion of recombi-
nant DNAs. Lanes: (A) pANN801-12 cleaved with Pstl, (B) pBR322 
cleaved with Pstl, (C) pANN801-l cleaved with Pstl, (D) pANN801-
ll cleaved with Pstl, (E) pANN801-13 cleaved with Pstl, (F) 
pANN801-4 cleaved with Pstl, (G) pANN801-4 cleaved with EcoRI, 
(H) pANN801 cleaved with Psti, (I) marker SPPl phage DNA 
cleaved with EcoRI. The common Pstl fragments found in different 
DNAs tested are designated as PS, PS, P9, PlO, PU, and Pl2 (for 
details, see the text). 
DNA with the restriction enzymes EcoRl, Hindlll, Pstl, 
BamHI, Bg111, and Sall. One EcoRI fragment of 4.7 kb and 
six Pstl fragments ranging in size from 0.5 to 2.9 kb were 
found to be present in all Mrh + recombinant cosmids tested 
(for pANN801, see Fig. 3). This led us to the assumption that 
pUl 1101- II 
801- 13 
801- 11 ,..._ _____ ...".. 
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these DNA fragments belong to the mrhfim determinant of 
the strain 536. To develop a suitable strategy for subcloning 
the mrh fim determinant, located on the 30-kb insert of the 
Mrh+ Firn+ cosmid pANN801, a physical map oftbis DNA 
was constructed. The six common Pstl fragments, desig-
nated P5 (2.6 kb), P9 (1.30 kb), PS (1.35 kb), Pll (0.7 kb), 
P12 (0.5 kb), and P4 (2.9 kb), are linked together (Fig. 4). 
Two EcoRI sites ftanking a 4.7-kb segment (see above; Fig. 
4) were mapped in the region of the six Pstl fragment~. The 
BamHl site into which the chromosomal partial Sau3A 
fragmentwas Iigated was still retained at one of the insert 0.2 
kb from another Pstl fragment, p10. 
Subcloning of tbe mrhfim determinant from pANN801. The 
4.7-kb EcoRl fragment and the six Pstl fragments, which 
were assumed to include the coding region of the mrh fim 
determinant, are located on a BamHl fragment of pANN801 
that spans from the vector BamHl site to a BamHl site 14.8 
kb to the right (Fig. 4). For subcloning this fragment, 
pANN801 DNA was digested with BamHl, and the frag-
ments were Iigated into the BamHl site · of pBR322. The 
resulting DNA was usd to transform the non-hemagglutinat-
ing E. coli K-12 strain HB101. Transformants were subse-
quently tested for Mrh + activity. One transformant which 
exhibited mannose-resistant hemagglutination and fimbria 
formation possessed a 19.1-kb recombinant plasmid (pANN 
801-6) corresponding to the predicted size (14.8-kb BamHI 
fragment inserted into the 4.3-kb vector pBR322; Fig. 4). 
Thus, it was demonstrated that the coding region for man-
nose-resistant hemagglutination and fimbria production is 
located on the 14.8-kb BamHI fragment of pANN801. 
We then subcloned the 5.3-kb BamHl-EcoRI fragment, 
which spans the region 0.2 kb left of P10 to the middle of P8 
(Fig. 4), into pBR322 (pANNSOl-11). The 4.7-kb EcoRI 
fragment to the right of the 5.3-kb BamHI-EcoRI frag-
ment was cloned into the single EcoRI site of pACYC184 
(pANN801-12). Neither the 4.7-kb EcoRl fragment nor the 
5.3-kb EcoRl-BamHI fragment possessed the complete in-
formation for fimbria synthesis and hemagglutination. Liga-
tion of the 4. 7-kb EcoRl fragment with EcoRI-cleaved 
pANNSOl-11 yielded the recombinant plasmid pANN801-
orl 
I rll• fllft• 
1101- 12 
1101- 4 
1101- II 
1101- 1 
•'L----~T lrll" f1111" L...----------..1 lrll• f1111• 
fhtl l11ndlll 
, .. mll T lglll 
...,.fcoll I hll 
I r11• fllft • 
I rll• fl111" 
c=::::~ p J C 7• I II 
- E.coll 131 loel 
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FIG. 4. Restrietion map of the recombinant cosmid pANN801, which codes for the mrh fim detenninant of strain 536 and of subcloned 
derivatives. ' 
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FIG. 5. Restrietion map of the mrh fim subclone pANN801-13 and the location of Tn5 insertions leading to the indicated mutant 
phenotypes (see the text for details). 
13. Transformation of E. coli K-12 HB101 cells with this 
plasmid resulted in the production of fimbriae and mannose-
resistant hemagglutination. This indicates that the 10.0-kb 
BamHI-EcoRI fragment of pANN801 inserted into the vec-
tor plasmid pBR322 contains the genetic determinants en-
coding for hemagglutination and production of fimbriae. 
To obtain more information on the organization of the mrh 
fim determinant we partially digested pANN801 DNA with 
Pstl and Iigated the resulting fragments into the Pstl-cleaved 
pBR322. One of the recombinant plasmids, pANN801-4, 
which led to mannose-resistant agglutination and fimbria 
production, consisted of the Pstl fragments PS, P9, P8, Pll, 
Pl2, and P4. As demonstrated by double digestions and by 
cleavage with the enzyme EcoRI (Fig. 3, lane G), the 
plasmid pANNSOl-4 carries a second copy of the PS and P9 
fragments between PS and the vector Pstl site. In addition, 
subclones were obtained that carried only Psti fragments PS, 
P9, PS, and Pll. These coded only for hemagglutination, but 
not for the production of fimbriae (pANN801-1, pANNSOl-
S). Thus, a region comprising PS, PS, P9, and Pll of 
pANNSOl is necessary for the binding property to erythro-
cytes, but is not sufficient for the production of fimbriae. 
Isolation of TNS mutants of pANN801-13. Todefine more 
precisely the region required for the Mrh + or Firn+ pheno-
type (or both), a number of Tn5 transposon insertion mu-
tants of the Mrh + Firn+ plasmid pANNSOl-13 were isolated 
and examined. After infection of strain HB101(pANNS01-
13) with a phage Iambda Tn5, plasmid DNA was isolated and 
retransformed into HB101. Apr Kmr transformants were 
screened for hemagglutination and production of fimbriae. 
Mutants were obtained that were either negative in hemag-
glutination or in hemagglutination and fimbria production. 
From the location ofthe Tn5 insertions in the mutants DNAs 
that are Mrh- or Firn- (or both), we conclude (Fig. S) that 
the mrhfim determinant spans a region of about 6.S kb. Tn5 
insertions located outside of this region did not alter the 
wild-type Ievel of hemagglutination and fimbria production. 
A region of almost 2 kb (proximal to the Clai site in the 
P12 fragment) seems to be required for fimbria formation. 
Whole cells and cell extracts from Firn- mutants that 
contain Tn5 insertions in this region were found to be devoid 
of the fimbria protein. Mutants with Tn5 inserted in the Pstl 
fragments P9 and PS and in part of PS (nearly 4 kb in size) 
were phenotypically Mrh- Firn+. The clones harboring 
plasmids with Tn5 insertions in these Pstl fragments produce 
less fimbriae than does the original clone, but the subunit 
protein of these fimbriae bad the same molecular size (16.5 
kd) as the normal X fimbriae (Fig. 1F; Fig. 2, lane 1). 
Surprisingly, Tn5 insertions in the Pstl fragment P4 abolish 
mannose-resistant hemagglutination (in addition to fimbria 
production). On the other band, subclone pANN801-1, which 
carries PS, P9, P8, and Pll, but not P4 (Fig. 4), expresses 
this phenotype, indicating that P4 is actually not required for 
its determination. We therefore assume that P4 may carry a 
function(s) essential for the transcription of the genes in-
volved in mannose-resistant hemagglutination that is likely 
tobe located on PS, P9, PS, and Pll. When these latter Psti 
fragments are inserted into the Pstl site of the cloning vector 
pBR322, the promoter for the ß-lactamase gene (bla) may 
enably the transcription of these genes. 
Expression of hemagglutination and fimbria synthesis in 
strains possessing the subclones pANN801·1 and pANN801-13. 
The non-hemagglutinating strain E. coli K-12 was trans-
formed with the recombinant DNAs pANN801-1 (Mrh+ 
Firn-) and pANN801-13 (Mrh+ Firn+). Both plasmids con-
ducted the same hemagglutination pattern as the recombi-
nant cosmid pANN801 from which they were derived (Table 
1). The mannose-resistant hemagglutination was S to 10 
times stronger than that of the wild-type strain S36. Remag-
glutination was sensitive to treatment of erythrocytes with 
neuraminidase, and the strains reacted strongly with serum 
raised against pANNS01-harboring cells. Mannose-sensitive 
agglutination of S. cerevisiae cells was not detectable. 
Strains carrying pANNSOl-13 produced fimbriae visible by 
electron microscopy, whereas a strain with pANN801-1 
expressed only hemagglutination, but not visible fimbriae 
(Fig. 1C, E). In E. coli pANN801-13, both hemagglutination 
and fimbria production were fully expressed at 37°C, but a 
Mrh- Firn- phenotype was observed after incubation of the 
strain at 1S°C. In contrast to the recombinant cosmid 
pANNS01 and other Mrh + Firn+ cosmids tested, the 
subclones pANNSOl-13 and pANN801-1 were stable in all 
recA transformants. 
The two recombinant plasmids, pANN801-13 and pANN 
S01-1, were transformed into the Mrh- Firn - Hly- E. coli 
06 mutant strain S36/21 (13) and into the Salmonella typh-
imurium gaiE (rough) strain SF1S72. In both hosts the two 
plasmids exhibited the same phenotype as in the E. coli K-12 
strains, e.g., mannose-resistant hemagglutination and fim-
bria production (pANNSOl-13) or mannose-resistant hemag-
glutination (pANN801-1) as determined again by agglutina-
tion of erythrocytes in the presence of mannose, electron 
microscopy, and precipitation of fimbria protein from ex-
tracts of these strains by specific antiserum. 
DISCUSSION 
Extensive work has been donein characterizing the cloned 
genetic determinants for the plasmid-encoded KSS and K99 
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adhesion factors isolated from E. coli strains that cause 
intestinal infections in animals (8, 9, 21, 22). More recently 
the chromosomally encoded genetic determinants of at least 
two different P fimbriae, often found in uropathogenic E. coli 
isolates were studied in detail (5, 29). Herewe present a first 
genetic analysis of another chromosomally encoded adhe-
sion factor from E. coli UTI strains, the so called X fimbriae. 
The hemagglutination ability of this adhesin is not inhib-
ited by the addition of mannose and cannot be observed after 
treatment of erythrocytes with •. neuraminidase, indicating 
that the Mrh fimbriae belong to the class of X fimbriae that 
recognize the neuraminic acid receptor molecule and are 
often found on 02, 06, and 018:K1 strains (32; Hacker et 
al., in preparation). The expression of the 16.5-kd protein 
subunit of the X fimbriae seems to require a nearly 2-kb 
region ofthe 6.5-kb mrhfim determinant, whereas the region 
coding for the hemagglutination is located on the 4-kb 
segment adjacent to the fimbria-encoding sequence. Two 
discrete regions for hemagglutination and fimbria produc-
tion, respectively, can thus be distinguished in the X adhe-
sion determinant. 
These data suggest that the generat organization of the 
X-fimbria determinant is similar to that of the pap determi-
nant (P fimbriae) analyzed by Normark and co-workers (2, 
29). They have also identified separate, but closely linked, 
loci for P-specific hemagglutination and fimbria synthesis 
(these fimbriae consists of 19.5-kd protein subunits) and 
regions involved in the regulation of the two functions. 
Although the basic organization of the adhesion determi-
nants for P and X fimbriae seems tobe similar, no similarity 
in the restriction pattems was found. Furthermore, Southem 
hybridization showed no homology between these two de-
terminants (S. Knapp and B. Lund, unpublished results). 
The difference in the DNA sequence of pap and X-fimbria 
determinants is further reftected by differences in the size of 
the fimbria protein subunit and the different receptor speci-
ficities of these adhesins. 
The X-fimbria determinant described here was isolated 
from the uropathogenic E. coli strain 536 betonging to the 
serotype 06:K15:K31. In addition to this X fimbria, the 
strain 536 exhibits two other fimbriae a presumably non-hem-
agglutinating fimbria, which consists of a 22-kd protein 
subunit, and the common type I (F1) adhesin, indicated by a 
strong mannose-sensitive agglutination of S. cerevisiae cells. 
All cosmid clones screened for their ability to agglutinate 
bovine and human erythrocytes in a mannose-resistant man-
ner expressed fimbriae consisting of the 16.5-kd protein 
subunit, but not the 22-kd protein subunit. None of the 10 
independently isolated Mrh + clones showed mannose-sensi-
tive hemagglutination, as evidenced by their failure to agglu-
tinate S. cerevisiae cells. Thus, strain 536 expresses at least 
three different adhesins with separate coding regions on the 
chromosome. The expression of two or three different types 
of fi'mbrial subunits was also described recently for P-fimbri-
ated UTI E. coli strains (33, 37). For a 018:K5:H-:F1:F8 
strain, two cloned fimbria determinants have been mapped 
on different regions on the chromosome ofthat strain (38; G. 
Schmidt et al., manuscript in preparation). Nothingis known 
up to now on the regulation of the expression of these 
different fimbriae. The occurence of spontaneous mutants of 
strain 536 which have lost, together with the hemolysin 
determinant(s), the mannose-resistant (and even mannose-
sensitive) hemagglutination has been recently described (13). 
Their analysis may help to understand the organization and 
regulation of these virulence determinants, which may often 
be linked in a block on the chromosome (27). 
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